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Introduction
 Lower third molar extraction is one of the most 
common procedures performed in oral and maxill-
ofacial surgery units.  The surgical procedure, 
however, is associated with various complications 
such as postoperative infection1, alveolar fracture2, 
and dysfunction of lingual and/or inferior alveolar 
nerves3.  The rate of overall complications has 
been reported to range from 2.6% to 30.9%4–7, and 
lingual and/or inferior alveolar nerve injury occurs 
with a frequency of 0.4% to 5.5%7,8.  We have 
shown that the rate of inferior alveolar nerve 
injury is 2.2%, while that of lingual nerve injury is 
0.3%9.  The incidence of inferior nerve injury is 
associated with the anatomical relationship 
between the root(s) of the third molar and the 
inferior alveolar nerve canal, and the rate of such 
nerve injury dramatically increases when the 
root(s) is close to the canal10.  Therefore, modiﬁca-
tion of the surgical technique for lower third molar 
extraction is required to decrease the incidence of 
nerve injury, especially when the third molar is 
horizontally impacted and the root is close to the 
inferior alveolar nerve canal.
 This study demonstrates a two-stage method for 
extracting horizontally impacted lower third 
molars, and evaluates the results of this new sur-
gical procedure.
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Abstract : A modiﬁcation of the surgical technique for extracting impacted lower third molars is 
required to decrease the rate of complications including inferior alveolar nerve injury.  In this 
study, a new two-stage extraction method for the horizontally impacted lower third molar was de-
veloped.  During the ﬁrst stage, only the crown was removed after separating the impacted tooth at 
the neck.  Thereafter, the root(s) was pulled toward the anterior direction with an elastic band at 
130–150 g over a 7-day period.  Next, the root(s) was extracted.  This method was ﬁrstly attempted 
for 20 horizontally impacted lower third molars, the roots of which had been close to the mandibu-
lar canal in panoramic radiographs and were pulled for 20.8 ± 11.5 (n = 20) days.  The roots in 17 
of 20 cases (85%) were loosened from the sockets and extracted easily without any complications.  
These outcomes suggest that this two-stage method is useful for the extraction of a horizontally 
impacted lower third molar in order to decrease the rate of inferior alveolar nerve injury.
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Methods
1. Surgical procedures
 During the ﬁrst stage, a continuous loop wiring 
technique was performed on the medially located 
ﬁrst and second molars of an impacted third molar 
before the surgical procedures.  Following the 
reﬂection of gingival muco-periosteum ﬂap, the 
bone overlying the distal and buccal aspect of the 
crown of the impacted third molar was excised. 
Next, the crown was transversely sectioned at the 
neck, and removed.  Next, a surgical screw (6 mm 
in length, 2 mm in diameter ; Leibinger, 3-D Oste-
osynthesis System) was inserted vertically into 
the root, and an orthodontic elastic band (M4, 
GAC International Inc.  New York, USA) was 
placed between the screw and the continuous loop 
wire (Fig. 1).  The pulling force by the elastic band 
was estimated as follows : the orthodontic elastic 
bands were stretched to 15 mm, and the produced 
force was measured in grams by means of spring 
scales.
 The muco-periosteum ﬂap was then sutured to 
close the wound.  After pulling the root(s) toward 
the anterior direction with the elastic band over a 
7-day period (mean 20.6 ± 11.9 (n = 20) days), the 
elastic band and the continuous loop wire were 
removed, and a gingival muco-periosteum ﬂap was 
again reﬂected following the same incision line of 
the ﬁrst operation.  Next, the impacted root(s) was 
extracted with an elevator.  All surgical proce-
dures were performed under local anesthesia with 
2% lidocaine containing 1:80000 epinephrine. 
Inferior alveolar and lingual nerve blocks were not 
used to prevent inferior alveolar and lingual nerve 
injury by the anesthesia needle.
2. Patients
 Twenty cases of horizontally impacted lower 
third molars (10 males and 10 females ; mean age 
35.4 ± 14.9 years), the roots of which were close 
to the inferior alveolar nerve canal in panoramic 
radiograms and showed one of seven radiological 
diagnostic signs on panoramic radiograms as 
described by Rood10, (1) darkening of the root, (2) 
deﬂected roots, (3) narrowing of the root, (4) a 
dark and biﬁd root, (5) interruption of the white 
line(s), (6) diversion of the inferior alveolar canal, 
and (7) narrowing of the inferior alveolar canal, 
were randomly selected at Kyushu University 
Dental Hospital.  The angulation and relationship 
to the anterior border of the ramus and to the 
occlusal plane of an impacted third molar were 
classiﬁed according to Winter’s classiﬁcation11 and 
Pell and Gregory’s classiﬁcation12, respectively. 
The relationship between the tip of the root of the 
impacted lower third molar and inferior alveolar 
canal in panoramic radiographs was divided into 
four types according to a previous report9 with 
some modiﬁcations, type I : the tip of the root has 
no contact with the wall of the inferior alveolar 
canal, type II : the tip of the root just contacts the 
upper wall of the inferior alveolar canal, type III : 
the tip of the root is located in the inferior alveolar 
canal, and type IV: the tip of the root is located 
inferior to the lower wall of the inferior alveolar 
canal (Fig. 2).
 Impacted teeth were extracted by the two-stage 
method after obtaining informed consent from all 
patients.  Dental radiograms of the third molar 
were taken before and just after the ﬁrst opera-
tion, and just before the second operation.  The 
movement of the impacted third molar in the 
anterior direction was evaluated as effective when 
the periodontal ligament space of the third molar 
in dental radiograms was widened at the time of 
Fig. 1 A view of the ﬁrst-stage operation. The 
crown of the impacted third molar was cut 
off from the root, and a surgical screw was 
inserted vertically into the root. An elastic 
band was then placed between the screw 
and the continuous loop wire.
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the second operation or the root(s) was loosened 
from the alveolar bone and the extraction was per-
formed quite easily without the need to perform 
any additional scraping of the alveolar bone dur-
ing the second operation.
Results
 The conditions and the results of extraction of 
the horizontally impacted third molars are sum-
marized in Table 1.  The mean age of the patients 
in the effective cases (34.1 ± 12.2 years ; n = 17) 
was not signiﬁcantly different from that in the 
ineffective cases (42.7 ± 28.6 years ; n = 3).  After 
pulling the roots of the impacted lower third 
molars with elastic bands, the roots of the third 
molars were loosened from the socket and then 
were extracted quite easily without any additional 
scraping of the alveolar bone in 17 of 20 cases 
(85.0%).  Dental radiograms showed the periodon-
tal ligament spaces of the roots were widened in 
11 of 20 cases (55.5%) (Fig. 3).  The dental pulp of 
the third molar was not extracted during the ﬁrst 
operation, but no pulpalgia was observed.  Neither 
any complications regarding the adjacent ﬁrst and 
Fig. 2 The relationship between the tip of the root of 
the impacted lower third molar and the inferior 
alveolar canal in panoramic radiographs.
Table 1　Conditions of an Impacted Third Molar and the Results of the Two-stage Method
Case Age Sex
No. of 
root(s)
Presence of 
curved root(s)
Winter’s 
classiﬁcation
Pell-Gregory’s 
classiﬁcation
X-ray ﬁnding 
of root(s)
Periods of 
distraction (day)
Apical 
condition
Evaluation
1 39 F 1 - Horizontal III-B Darkening 46 III Effective
2 34 M 1 - Inverted II-C Interruption 30 III Effective
3 26 M 2 + Horizontal II-A Narrowing 23 II Effective
4 43 F 2 - Horizontal II-A Darkening 36 II Effective
5 32 F 2 - Horizontal III-A Darkening 35 II Effective
6 49 M 2 - Mesioangular II-B Interruption 18 II Effective
7 23 F 1 - Inverted III-C Interruption 7 II Effective
8 22 F 3 + Horizontal III-A Narrowing 37 III Effective
9 60 F 1 - Horizontal II-B Interruption 21 III Effective
10 48 F 1 - Horizontal III-A Darkening 26 II Effective
11 24 F 2 + Horizontal III-A Darkening 19 III Effective
12 18 M 2 + Mesioangular II-B Dark and Biﬁd 14 II Effective
13 25 M 3 + Horizontal III-B Darkening 18 III Effective
14 47 M 2 + Horizontal II-A Dark and Biﬁd 13 III Effective
15 21 M 2 + Mesioangular II-C Darkening 7 III Effective
16 41 F 1 - Vertical II-C Narrowing 27 IV Effective
17 28 M 2 - Mesioangular II-B Dark and Biﬁd 7 III Effective
18 18 M 2 - Mesioangular III-A Diversion 7 III Ineffective
19 74 M 1 + Inverted II-B Interruption 14 III Ineffective
20 36 F 1 - Horizontal III-B Interruption 11 III Ineffective
F: female, M: male, Darkening : Darkening of the root, Interruption : Interruption of the white line of the canal, 
Narrowing : Narrowing of the canal, Diversion : Diversion of the canal, Dark and Biﬁd : Dark and biﬁd root
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second molars such as replacement or percussion 
pain nor any complications including post-opera-
tive infection, dysfunction of lingual nerve and 
inferior alveolar nerve, abnormal bleeding or the 
loss of a surgical screw occurred in any of the 
cases.
Discussion
 In this study, we demonstrated a new method 
for extracting horizontally impacted lower third 
molars.  The rate of lingual and/or inferior alveo-
lar nerve injury following lower third molar 
extraction is 0.4-5.5%7,8 and such nerve injuries 
are usually resolved within 1 year in most cases7. 
This complication, however, is quite serious for the 
patient when it occurs.  The incidence of inferior 
alveolar nerve injury is closely associated with the 
anatomical relationship between the root(s) of the 
impacted tooth and the inferior alveolar nerve 
canal10,13.  A darkening of the third molar root, a 
deﬂected root, and an interruption of the white 
line of the cortical outline of the inferior alveolar 
nerve canal have been reported to appear more 
frequently in the seven radiographic diagnostic 
signs.  When the impacted third molar shows one 
or more of these signs, the rate of nerve injury has 
been reported to signiﬁcantly increase.  Especially, 
the darkening of the root and the interruption of 
the white line were most related to alveolar nerve 
injury10,14.  In this study, pulling the root(s) of an 
impacted lower third molar helped to widen the 
periodontal ligament spaces of the root(s), result-
ing in the roots being loosened from the sockets 
and extracted easily without any complications in 
17 of 20 cases (85%).  Eleven of the 17 cases (65%) 
showed the sign of darkening of the root or inter-
ruption of the white line.  Furthermore, the rela-
tionship between the tip of the root(s) and the 
alveolar canal was type III or IV in 10 of the 17 
cases (59%).  Therefore, the two-stage method may 
reduce the risk of inferior alveolar nerve injury if 
the surgical procedures are appropriately per-
formed after obtaining sufﬁcient informed consent, 
and the indications for the two-stage method may 
not be limited by the relationship between the tip 
of the root(s) and the alveolar canal.  There was 
no signiﬁcant difference in the mean age of the 
patients between the effective cases and ineffec-
tive cases.  This ﬁnding indicates that the applica-
tion of this method may not be limited by the age 
of the patient.
 Pulling the impacted roots for 7 days loosened 
the roots from the sockets in 3 of 4 cases.  Force 
magnitudes of 100–300 g have been estimated to 
be effective for tooth displacement15.  The pulling 
force toward the anterior direction by a small 
orthodontic elastic band in this study is estimated 
to be 130–150 g.  The stiffness of an orthodontic 
elastic band is well known to decrease rapidly 
when the band is stretched.  However, the stiff-
ness of an orthodontic elastic band decreased in 
the ﬁrst three hours, but did not change greatly 
thereafter until 8 hours16.  Although it is not clear 
whether the stiffness of the elastic band used in 
this study could be sufﬁciently maintained for 7 
days or not, pulling for 7 days may be sufﬁcient to 
loosen the roots.  It is widely accepted that the 
extraction of a tooth is difﬁcult when the root is 
surrounded by dense and heavy bone17.  The roots 
of the two ineffective cases (No. 19 and No. 20) 
Fig. 3 Dental radiograms of an impacted third molar.  (a) before the ﬁrst operation, (b) just after the 
ﬁrst operation, and (c) fourteen days after the ﬁrst operation. The periodontal space of the 
tooth was dramatically increased in (c).
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were surrounded by dense and heavy bone in den-
tal radiograms.  Therefore, a careful pre-operative 
evaluation of the condition of an impacted lower 
third molar using dental radiograms is important 
to obtain good results in this two-stage method.  If 
the root(s) of an impacted third molar can not be 
loosened even by pulling for 7 days, such a case 
would be evaluated as having an ineffective out-
come.  In conclusion, our two-stage method for 
extracting a horizontally impacted lower third 
molar is considered to be useful for decreasing the 
rate of post-operative complication of inferior alve-
olar nerve injury.
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